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 在此基础上，本文进一步用平衡态下 Green-Kubo 公式计算了一维非对称相
互作用势晶格的热导率。首先我们让系统演化到平衡态，然后计算了热流自关联
函数 ( ) / ( ) (0) /C t N J t J N= , 其中 ( )J t 是 t时刻总热流, N 是系统尺寸。我们的
计算结果表明，在不同系统尺寸下 ( ) /C t N 的曲线都是重合的，并且衰减速度要



























































     Abstract 
 We investigate the effects of asymmetric interparticle interactions 
on thermal conduction of low-dimensional momentum conserving lattices. 
In recent years, the property of thermal transport in low-dimensional 
material has attracted intensive studies, one of the issues is to verify 
the validity of the Fourier’s law for thermal conduction. As we all known, 
the Fourier’law of thermal conduction is a fundamental theorem in physics. 
It states that the heat flux J  in material is proportional to the 
temperature gradient T∇ , i.e., J Tκ= − ∇ , where κ  is a finite constant 
termed as “thermal conductivity”. The systerm has “normal heat 
conduction” if thermal conduction behavior obeys the Fourier’s law. 
Otherwise, it has so-called “anomalous heat conduction”. Several 
analytical methods have been proposed so far, such as the hydrodynamic 
approach and the mode-coupling theory. They all predict that thermal 
conductivity diverges with the system size in a power (logarithmic) law 
in 1D(2D) momentum conserving systems. In addition, Prosen and Campbell 
also proved theoretically that thermal conductivity diverges in the 
thermodynamic limit for 1D momentum conserving lattices with nonvanishing 
internal pressure. However, it is well-known that a lattice with 
nonvanishing internal pressure imply the interparticle interaction is 
asymmetric, which can induce thermal expansion. And real materials 
usually show the thermal expansion effect and obey the Fourier’s law. 
Thus, we need to investigate the effects of asymmetric interparticle 
interactions on thermal conduction of low-dimensional momentum 
conserving lattices. 
 In this thesis, we firstly study thermal conduction in 1D momentum 
conserving lattices with asymmetric interparticle interactions by 















asymmetric potential with a parameter r  to control the degree of the 
asymmetry. We found that system with appropriate asymmetry exhibits 
normal thermal conduction at a certain temperature. We also found that 
the asymmetric interaction can give rise to a mass gradient across the 
system while the symmetric one can not. Therefore, we conjecture that the 
mass gradient can induce additional scattering of the heat flux and, 
together with other scattering mechanism, result in the occurrence of 
normal thermal conduction. 
 Based on the results above, we calculate thermal conductivity by using 
the Green-Kubo formula so as to verify our finding that asymmetric 
interactions in 1D momentum conserving lattices can induce normal heat 
conduction. At first, evolve the system for a sufficient long time so as 
to relax the system to its equilibrium state. We then calculate the current 
correlation function ( ) / ( ) (0) /C t N J t J N= , where ( )J t  is the total heat 
flux at time t , N  is the system size. Our equilibrium simulations show 
that the curves of ( ) /C t N  for different sizes are consistent with each 
other. And they decay faster than the power-law decay, i.e. 1( ) /C t N t−∼ , 
implying a convergent thermal conductivity. Thus, the conclusion that the 
asymmetric interaction can result in normal thermal conduction is 
verified by both equilibrium and nonequilibrium simulations. Furthermore, 
in order to clarify whether the normal thermal conduction is resulted by 
the anharmonicity or the asymmetry feature, we study the asymmetric 
harmonic systems. The results confirm that it is the asymmetry of 
interaction potentials that result in the normal heat conduction. At the 
same time, we preliminarily study the spatiotemporal correlation of the 
energy density fluctuations in the asymmetric interaction lattices. Our 
simulations show that the Rayleigh peak of the spatiotemporal correlation 















while the lattice of symmetric interaction shows non-Gaussian wave packet.
It also indicates the lattice of asymmetric interaction has normal thermal 
conduction. 
 Finally, we preliminarily study thermal conduction in 2D momentum 
conserving lattices with asymmetric interparticle interactions. The 
numerical results show that these lattices also have normal thermal 
conduction. The findings in 1D and 2D momentum conserving lattices with 
asymmetric interactions are important for understanding the thermal 
property of real materials. It implies that low-dimensional materials may 
also have the finite thermal conductivity in the thermodynamic limit as 
the bulk materials, and the Fourier’s law of heat conduction is generally 
valid for low-dimensional materials. 
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